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Figure S1. Site-heterogeneous PhyloBayes GTR-CAT (4 gamma rates) tree for 26 ribosomal 
proteins from 143 eukaryotes representing all the most divergent lineages. 
Alignment of 4156 amino acids; the number included for each taxon is shown after the @. Support 
values are posterior probabilities. 105,136 trees were summed after removing the first 20% as 
burnin: maxdiff 0.29708. The tree is rooted between Eozoa and neokaryotes
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Fig. S2. Site-homogeneous RAxML PROTGAMMALGF (4 gamma rates) tree for 26 ribosomal 
proteins from 151 eukaryotes representing all the most divergent lineages. 
Alignment of 4156 amino acids; the number included for each taxon is shown after the @. The tree 
is rooted between Eozoa and neokaryotes. Support values are percentages for 100 pseudoreplicates.
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Figure S3. Site-heterogeneous PhyloBayes GTR-CAT (4 gamma rates) tree for 51  ribosomal 
proteins from 60 archaebacteria representing all the most divergent lineages.  
This is chain 2 which placed 'Nanohaloarchaea' in a different position from chain 1 (see Fig. 4). (49, 
886 trees summed after removing 40% as burnin). 
Support values are posterior probabilities.
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Figure S4. Site-heterogeneous PhyloBayes GTR-CAT (4 gamma rates) tree for 26 ribosomal 
proteins from 60 archaebacteria representing all the most divergent lineages. 
Support values are posterior probabilities. after removing 40% of the trees as burnin the remaining 
55,580 trees from two chains were summed: maxdiff 0.0669948. 
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Fig. S5. Site-homogeneous RAxML PROTGAMMALGF (4 gamma rates) tree for 26 ribosomal 
proteins from 60 archaebacteria representing all the most divergent lineages. 
 
Support values are percentages for 100 pseudoreplicates.
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Figure S6. Site-homogeneous RAxML PROTGAMMALGF (4 gamma rates) tree for 26 
ribosomal proteins from 151 eubacteria representing all the most divergent lineages. 
Support values are percentages for 100 pseudoreplicates.
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Fig. S7. Site-heterogeneous PhyloBayes GTR-CAT (4 gamma rates) tree for 26 ribosomal 
proteins from 203 neomura representing all the most divergent lineages. 
Support values are posterior probabilities.
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Figure S8. Site-homogeneous RAxML PROTGAMMALGF (4 gamma rates) tree for 26 
ribosomal proteins from 203 neomura representing all the most divergent lineages. 
Support values are percentages for 100 pseudoreplicates.

 
 
 
 
 
 
 
Fig. S9. Site-heterogeneous prokaryote PhyloBayes CAT-GTR tree for 51 ribosomal proteins from 60 
archaebacteria and 26 ribosomal proteins from 151 eubacteria representing all the most divergent 
lineages, including chloroplasts. Support values are posterior probabilities. See next page:  
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Figure S10. Site-homogeneous prokaryote RAxML PROTGAMMALGF (4 gamma rates) tree 
for 26 ribosomal proteins from 60 archaebacteria and 151 eubacteria representing all the most 
divergent lineages. 
Support values are percentages for 100 pseudoreplicates. See next page: 
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Fig. S11. Site-heterogeneous 2-domain PhyloBayes CAT-GTR tree for 26 ribosomal proteins from 143 
eukaryotes and 151 eubacteria representing all the most divergent lineages.  
Support values are posterior probabilities. Consensus tree for two chains: 38,969 trees were 
summed after removing 40% as burnin. The chains converged on the same topology except for a 
few nodes with .5 or less support: Max diff 1. See next page: 
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Figure S12. Site-homogeneous 2-domain RAxML PROTGAMMALGF (4 gamma rates) tree for 
26 ribosomal proteins from 143 eukaryotes and 151 eubacteria eubacteria representing all the 
most divergent lineages. 
Support values are percentages for 100 pseudoreplicates. 
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Fig. S13. Site-heterogeneous universal 3-domain PhyloBayes CAT-GTR tree for 26 ribosomal proteins 
from 143 eukaryotes, 60 archaebacteria, and 151 eubacteria representing all the most divergent 
lineages. 
 
Support values are posterior probabilities. Two chains were summed (28,777 trees) after removing 
the first 40% pre-log-likelihood plateau trees as burnin; despite clear plateauing a few deep-
branching topological differences (PP 0.5 or less only) remained between the two chains, making 
maxdiff 1. This consensus tree and chain 1 are the only trees that wrongly placed 
Thermodesulfobacteriaceae inside Proteobacteria, implying that in chain 1 PhyloBayes got stuck in 
the wrong topology and did not cope well with the large number of taxa. Chain 2 had maximum 
support for their being sisters of Aquificia, their usual position; the corresponding ML tree (Fig. 
S14) confirms this with 89% support. See next page: 
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Figure S14. Site-homogeneous universal 3-domain RAxML PROTGAMMALGF (4 gamma 
rates) tree for 26 ribosomal proteins from 143 eukaryotes, 60 archaebacteria, and 151 eubacteria 
representing all the most divergent lineages. 
Support values are percentages for 100 pseudoreplicates. See next page: 
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Fig. S15. Site-heterogeneous PhyloBayes CAT-GTR tree for 26 ribosomal proteins from 156 
eubacteria representing all the most divergent lineages with cultivated repesentatives plus 
Melainabacteria, chloroplasts and 5 shorter-branch mitochondria. 
 

Support values are posterior probabilities. Two chains were summed (40,782 trees) after removing 
5725 pre-log-likelihood plateau trees as burnin; despite clear plateauing a few deep-branching 
topological differences (PP 0.5 or less only) remained between the two chains, making maxdiff 1. 
The corresponding ML tree placed mitochondria one node lower as sister to all α-proteobacteria. 
None grouped them with the long-branch rickettsias. 
 

 
 
 

2.0

Chloracidobacterium_thermophilum@1086

Prevotella_denticola_F0289@3226

Pelagibacter_ubique@3083

Rhodomonas_salina_Chloro@2689

Dyadobacter_fermentans_DSM_18053@3239

Xylella_fastidiosa_M23@3229

Acidithiobacillus_ferrooxidans@3152

MEL.C2_scaffold_576@1653

Syntrophothermus_lipocalidus_DSM_12680@3256

Elusimicrobium_minutum@2672

Acidobacterium_capsulatum@3292

Fretibacterium_fastidiosum@2434

Gloeobacter_violaceus@3229

Gemmatirosa_kalamazoonesis@3266

Symbiobacterium_thermophilum@3285

Jonquetella_anthropi@3158

Treponema_brennaborense_DSM_12168@3236

Chthonomonas_calidirosea@3280

Chloroflexus_aurantiacus@3268

Lentisphaera_araneosa@3199

Solibacter_usitatus@3284

Geothrix_fermentans@3036

Atopobium_parvulum@3265

Geitlerinema_sp.@3021

Acholeplasma_laidlawii@3251

Sphaerobacter_thermophilus@3170

Pyrinomonas_methylaliphatogenes@3174

Meiothermus_silvanus_DSM_9946@3230

Thermodesulfobium_narugense@3105

Physcomitrella_patens_Chloro@1304

Deferribacter_desulfuricans@3102

Synergistes_jonesii@2681

Veillonella_montpellierensis@3256

Syntrophus_aciditrophicus_SB@3256

Porphyra_purpurea_Chloro@2375

Acetobacter_pasteurianus_IFO_3283_01@3251

Leptospira_biflexa@3030

Thermaerobacter_marianensis@3230

Danio_rerio_Mito@1716

Geobacillus_caldoxylosilyticus@3037

Emiliania_huxleyi_Chloro@2161

Corynebacterium_pseudotuberculosis_FRC41@3242

Thermithiobacillus_tepidarius@3109

Thermosinus_carboxydivorans@3157

Chloroherpeton_thalassium@3264

Melainabacteria_ACD20@1783

Leptospirillum_ferrooxidans@2620

Alicyclobacillus_acidocaldarius@2953

Thermoanaerobacter_ethanolicus@3106

Pseudohongiella_spirulinae@3068

Coprothermobacter_proteolyticus@3223

Fimbriimonas_ginsengisoli@2152

Rhodothermus_marinus@3151

Caldicellulosiruptor_saccharolyticus@3063

Deinococcus_deserti_VCD115@3219

Sulfurihydrogenibium_azorense@2958

Mariprofundus_ferrooxydans@3264

Denitrovibrio_acetiphilus_DSM_12809@3184

Cryptobacterium_curtum_DSM_15641@3237

Sulfobacillus_acidophilus@3164

Anaerobaculum_mobile@3290

Sulfurospirillum_arcachonense@3152

Coraliomargarita_akajimensis_DSM_45221@3160

Desulfobacca_acetoxidans_DSM_11109@3241

Synechococcus_sp.JA-3-3Ab@3233

Anaerostipes_caccae@3140
Paenibacillus_sp._Y412MC10@3034

Thermodesulfatator_indicus_DSM_15286@3256

Aquifex_aeolicus@2632

Desulfurispirillum_indicum_S5@3238

Nitrosomonas_europaea_ATCC_19718@3242

Turicibacter_sanguinis@3243

Thermus_scotoductus_SA_01@3232

Thermobaculum_terrenum@3155

Fusobacterium_nucleatum_nucleatum_ATCC_25586@3131

Anabaena_cylindrica@3226

Arthrobacter_aurescens@3276

Spirochaeta_coccoides_DSM_17374@3251

MEL.C1_scaffold_119@1780

Cyanophora_paradoxa_Chloro@577

Prochlorococcus_marinus_str._MIT_9303@3180

Anaerolinea_thermophila_UNI-1@3247

Clostridium_butyricum@2641

Nautilia_profundicola@2958

Caldisericum_exile@3215

Haloplasma_contractile@3110

Caldanaerobacter_subterraneus_subsp.tengcongensis@2864

Gloeobacter_kilaueensis@3146

MEL.A2_scaffold_6219@971

Lactobacillus_fermentum_IFO_3956@3223

Dehalococcoides_ethenogenes_195@3249

Chlorobium_limicola_DSM_245@3221

Myxococcus_xanthus@2716

Selenomonas_ruminantium_subsp_lactilytica@1723

Thermodesulfobacterium_commune@3125

Chlamydomonas_reinhardtii_Chloro@2895

Planctomyces_brasiliensis_DSM_5305@3188

Neisseria_meningitidis_MC58@3231

Sebaldella_termitidis@3269

Caulobacter_crescentus@2198

Coprobacillus_sp.@3141
Mesoplasma_florum@3191

Thermovirga_lienii_DSM_17291@3251

Fibrobacter_succinogenes_succinogenes_S85@3235

MEL.B1_NB52212.1.005@1779

Pseudanabaena_sp.@3217

Arthrospira_platensis@3189

Streptobacillus_moniliformis@3125

Geobacter_metallireducens@2725

Thermosulfidibacter_takaii@2561

Chitinivibrio_alkaliphilus@3222

Oscillibacter_valericigenes_Sjm18_20@3237

Dethiosulfovibrio_peptidovorans@3274

Physcomitrella_patens_Mito@1268
Reclinomonas_americana_Mito@1526

Thermosediminibacter_oceani@3027

Cyanothece_sp._PCC_7425@3123

Erysipelothrix_rhusiopathiae@3209

Wolbachia_pipientis@3078

Kosmotoga_olearia@3069

Phytophthora_infestans_Mito@1257

MEL.A1_NB10692.1@1779

Conexibacter_woesei@3201

Heliobacterium_modesticaldum@3294

Persephonella_marina@2732

Ilyobacter_polytropus@3134

Halothermothrix_orenii@3098

Geovibrio_sp.@3101

Malawimonas_jakobiformis_Mito@1346

Carboxydothermus_hydrogenoformans@3290

Salinibacter_ruber@3092

Dictyoglomus_thermophilum_H_6-12@3201

MEL.C3_scaffold_6881@257

Nitratiruptor_sp.@3089
Arcobacter_nitrofigilis@2834

Clostridium_acetobutylicum@2970

MEL.B2_NB52212.2.004@1602

Leptolyngbya_boryana@3217

Waddlia_chondrophila@3209

Roseobacter_litoralis@2997

Thermovibrio_ammonificans_HB_1@3255

Gemella_bergeri@2983

Thermocrinis_albus_DSM_14484@3274

Zymomonas_mobilis_subsp._mobilis_NCIMB_11163@3237

Calothrix_sp.@3221
Rubrobacter_xylanophilus@3275

Rhodospirillum_rubrum@3155

Methylacidiphilum_infernorum_V4@3106

Idiomarina_loihiensis_L2TR@3231

Rickettsia_bellii@3080

Rhodopirellula_baltica_SH_1@3181

Nitrosospira_multiformis_ATCC_25196@3249

Thermotoga_maritima_MSB8@3258

Dethiobacter_alkaliphilus@3094

Ectocarpus_siliculosus_Chloro@2564

Gemmatimonas_aurantiaca_T_27@3227

0.92

1

1

0.48

0.63

1

1

0.65

0.95

1

0.84

0.99

1

0.87

1

0.97

1

0.99

11

0.57

1

1

1

1

0.99

0.99

1

0.8

1

1

1

1

1

0.7

0.94

1

1

0.62

1

0.83

0.74

1

0.5

0.98

1

1

1

1

0.86

1

1

1

1

0.46

1

1

1

0.99

1

1

0.99

1

1

1

1

0.99

0.97

1

1

1

0.99

1

1

0.99

1

1

1

1

1

10.99

0.99

1

1

1

0.5

1

0.99

1

1

1

0.99

0.99

1

1

0.99

1

1

0.36

0.95

1

0.97

1

1

1

1

0.93

0.94

0.8

0.99

0.82

1
1

0.99

1

0.99

1

0.51

0.63

1

1

1

1

0.97

1

0.9

1

1

1

1

0.87

1

0.990.96

1

1

1

1

1

0.79

1

1

0.91

0.97

1

0.98

1

0.99

0.7

0.99

1

1

1

Aquificae 

Melainabacteria

chloroplasts

Planctomycetes 

Cyanobacteria

Armatimonadetes

PlanctobacteriaElusimicrobia
ChlamydiaeLentisphaerae

Verrucomicrobia
Gemmatimonadetes

Hadobacteria

ɑ-proteobacteria
Rhodobacteria

β-proteobacteria
!-proteobacteria
Acidithiobacillia

Rickettsiae

Aquithermota

Synthermota
ThermocaldaDictyoglomales

Coprothermobacterales

Thermotogia

Synergistetes
Caldisericia

Chlorobi 

Proteobacteria

Spirochaetes

Bacteroidetes

Actinobacteria 

Clostridiales sensu stricto

thylakoids

phycobil
isomes

Endobacteria

Sphingobacteria
Fibrobacteres

!-proteobacteria Nautiliia
Deferribacterales

Chysiogenales

Acidobacteria
Nitrospiria

δ-proteobacteria Myxococcia

"-proteobacteria Mariprofundia

Geobacteria

Bacillia

(FCB group+ Gemmatimonadetes)

(PVC group+Elusimicrobia)

Gracilicutes

Fusobacteria

Mollicutes
Erysipelotrichia

POSIBACTERIA

Chloroflexi
Thermomicrobia

Chloroflexia
Anaerolineae

Dehalococcoidia

Cyanobacteria

mitochondria

Planctochlora

mitochondria

LPS

eonegibacteria

neonegibacteria

(=hydrobacteria)

Heliobacteriales
Sulfobacillales

Thermoanaerobacterales
Selenomonadia

Deferribacteria

Chromatia

Caulobacteria

eoglycobacteria



 20 

Figure S16. Site-homogeneous RAxML-PROTGAMMALGF (4 gamma rates) tree of 305 
prokaryotic structural maintenace of chromosome (SMC) proteins using 448 amino acid 
positions. See next page: 
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Figure S16  0.6
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Figure S17. Site-heterogeneous PhyloBayes CAT-GTR tree of 321 largely prokaryotic structural 
maintenace of chromosome (SMC) proteins using 448 amino acid positions. maxdiff 0.1246. 
Four of the five eukaryote sequences group weakly with a relatively short-branch arsgard seuce 
whereas the human sequence groups with a longer-branch lokiarchaeote sequence. Some other 
Asgard seunces have even longer branches and group weakly with Korarchaeum and strongly with 
an almiost ceratinly artefactual grouping of Sulfolobia. Methanopyrus and the Synthermote 
eubacterium Coprothermobacter, the longest branch on the whole tree. 
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Ribosomal protein (RP) alignments in fasta format as a zip files 
1. These 51 .fasta files comprise the regions for 51 RPs after trimming as used for our trees, 
including all trees shown directly on Figs 3-10 plus those by other methods whose support values 
are included on them and include over 414 taxa, some excluded from our final analyses.  
 
To enable readers to identify those taxa for which our alignment database uses abbreviated names 
or interim names, we also include the SCAFOS taxonomy (OTU) file as a key to translate from 
them to the 354 final names on these trees: 
OTU354Arch+Eub+Euk_NoAtrichosa_28July2016.txt 
 
2. SMC proteins. 305 complete SMC sequences are in GenBank format (.gb) plus a mask (at the 
beginning of file) in which 1s mark the 448 included positions and 0s mark those excluded from our 
analyses.  
 
Tree files in Newick format in a zip file with separate subfolders for each of the nine figures. 
These comprise all 22 trees used for Figs 3-10 and 12. Their titles indicate the method used (PoiPB 
means PhyloBayes Poisson; PB means PhyloBayes CAT-GTRGamma) 


